This paper evaluates the tax reforms carried out in Sweden between 1980 and 1991. We use a recently developed nonparametric labor supply function to account for the behavorial responses of the taxed individuals. We decompose the tax reform to study how the separate components influence hours of work, tax revenues and income distribution. The results indicate that the reform was underfinanced and that the increased indirect taxation and redesigned transfer system almost eliminated the positive effects on hours of work due to the decreased marginal taxes on labor income. Further, we compare the results to the predictions of a parametric estimated labor supply model. The responses of the parametric model is almost twice the size of the nonparametric.
Introduction
The Swedish tax system has during the last 15 years been transformed in several important ways. Marginal tax rates reached a peak around 1980. However, since this system with very high marginal tax rates was combined with a system of fairly liberal rules for deductions of various forms, many economic agents could avoid the high marginal taxes by using the system of deductions in a clever way. During the eighties there was a series of tax reforms, decreasing marginal tax rates and limiting the scope for various forms of deductions. The series of tax reforms culminated in 1991 with a large change in marginal taxes between 1990 and 1991, several types of base broadening and the introduction of separate taxation of labor and capital income.
Several motivations have been given for implementing the tax reforms. The need to reduce the negative incentive effects of high marginal tax rates on household behavior such as savings and labor supply is probably the single most important one. Another motivation was a concern that the distributional effects of the old tax system were not the ones intended. The use of deductions could in many cases lead to high income earners paying very little in taxes.
Tax reform has been a continuous and gradual process for a long period of time. We therefore have a choice of what part of this process to study. We have chosen to study the effect of the tax reform that took place between 1980 and 1991. This period is of special interest since the tax systems in these two years constitute two extremes.
Marginal tax rates reached a historical high in 1980 and a low in 1991. After 1991 there have been some increases in the marginal tax rates. We do not cover all aspects of the tax reform but focus on four changes of large importance for individual behavior; a decrease in marginal tax rates, a change in the rules for capital income taxation and deductions, an increase in the VAT and payroll taxes and a change in the transfer system. There has also been important changes in the corporate taxation, which is not covered in this study.
The major purpose of our paper is to study how the tax reform has affected hours of work, tax revenue and the income distribution. We investigate the total effect of the tax reform, but also perform a decomposition so we can see the effect of its various parts. A novel feature of this study is that we use a nonparametric labor supply function to calculate how hours of work change in response to the tax reform. This should lead to more reliable predictions than if a parametric function was used. Since this method is still not developed for household models we only present calculations of how hours of work change for married or cohabiting men in ages 20-60. This group constitutes a major part of the labor force if measured by the part of the tax base it generates.
2 When discussing the effects on the income distribution we do this for two types of income units. First of all we do it for married or cohabiting men. Using the nonparametric labor supply function we can study how important the labor supply response is for the distribution of income. We also study how the distribution of household income, corrected for the number of household members, is affected by the tax reform. In the past such studies have usually neglected the effects that follow from changed household behavior. We are able to partly include the induced changes in labor supply. We take account of the change in the husbands hours of work but not of the change in female labor supply. The transfer system was designed so as to correct for inequalities created by the tax reform. The objective was that the combined changes in the tax-transfer systems should be distributionally neutral. The politicians were especially concerned that families with children should not be hurt by the reform. To get at this latter aspect we calculate the effect on the income distribution where we account for the fact that different households consist of different number of consumption units.
As far as we know this is the first study that uses a nonparametrically estimated labor supply function to evaluate the effect of tax reform. A second purpose of our study 2 Aronsson and Palme (1995) , using a parametric household model, study how labor supply, tax revenues and income distribution are affected by the tax reform. Agell et.al. (1996) give a broad picture and evaluation of the tax reform. is therefore to compare the predicted effects using this nonparametric method to the results obtained using a parametrically estimated labor supply function.
The rest of the study is organized as follows. In section 2 we give a stylized description of the Swedish tax reform. The motivation for using nonparametric methods and a description of the parametric and nonparametric procedures used are given in section 3. In section 4 we describe how the tax reform is decomposed and present our calculations of the effect of the tax reform on hours of work and tax revenue. In section 5 we study the income distribution effects. Section 6 concludes.
Swedish tax reforms 1980-1991
To summarize the sequence of Swedish tax and transfer reforms carried out between 1980 and 1991 we examine the main differences in the prevailing tax and transfer systems of each separate year. We divide the personal income tax system into three separate parts: labor income taxation, capital income taxation and real estate taxation. Further we analyze the transfer systems and indirect taxes as separate components of the reforms. In interest of brevity this section only includes a concised presentation of the tax and transfer systems. There is a more extensive presentation of the 1991 tax and transfer system in appendix A.
Personal income taxation
Merging the marginal tax rates and the rules of personal deductions the 1980 federal tax schedule could be represented by 22 income brackets with marginal tax rates increasing from 0 to 58%. The income brackets referred to assessed income, defined as the sum of labor and capital income, an imputed rental income for owner occupied homes and other sources of income, minus deductions of various sorts. Further, local governments levied a proportional tax of about 30% on the same tax base as the federal tax. Thus, the unconstrained top aggregate marginal tax rate equaled approximately 88%. However, to bound the marginal effects the 1980 tax system restricted the marginal tax rate at 80% for assessed income below SEK 174,000 and 85% for higher assessed incomes.
In the 1991 tax system the various sources of income were taxed according to separate rules. In particular, the federal labor income taxation was separated from capital taxation and taxes on real estate. The federal marginal tax on labor income was reduced to a top marginal rate of 20% for income exceeding SEK 81,175 and there was no federal tax on lower incomes. 3 The local taxes, also levied on labor income, were roughly unchanged and consequently the top aggregate marginal tax rate on labor was approximately 50%. Including the rules of personal deductions, the 1991 labor income tax schedule included 7 income brackets, with marginal tax rates increasing from 0 to 50%. 4 As mentioned above, the tax bases differ between the 1980 and 1991 tax systems, hence straightforward comparisons of marginal tax rates on labor income should be made with caution. Income from capital was taxed at a uniform rate of 30% in 1991. If the tax on capital was negative, i.e. the taxed individual reported a capital deficit, the negative amount was reduced from the overall tax liability leaving the marginal tax rates unaffected. Hence, in contrast to the 1980 system of capital taxation, the 1991 construction practically eliminated the link between the income of capital and the marginal tax rate on labor income. Finally, individuals who owned their homes paid a real estate tax of 1.2% of the ratable value of the house.
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Transfer system
The income tax reform was predicted to reduce tax payments of high income households, thereby generating unwanted redistributional effects. In order to avoid this the transfer system was redesigned to improve the economic conditions of households with low income and/or many children. The child allowance, which was independent of income, increased from SEK 2,850 per child to SEK 3,963 per child plus an additional 3
Henceforth all values are expressed in 1980 price level, using as deflator a CPI of 2.271. The personal deductions cease to be income dependent practically at the same point as the federal tax starts to be levied 5
Actually the tax rate depended on the age of the house, but since we do not have this information we assume that all houses are older than 5 years. It should also be mentioned that the tax rate of 1.2% was intended to increase to 1.5%. Simultaneously with the reformation of property taxation the ratable value of the houses were adjusted. We have taken this into account by calculating the market value of the house (ratable value in 1980 times the KSK) and then dividing the market value with the purchase price index (köpeskillingskoefficient) for 1991.
amount increasing with the number of children in the household. Further, the part of the unreduced housing allowance which was dependent on family composition increased from SEK 1,500 per year and child to a fixed amount of SEK 5,300 per year if the household included children. On the other hand, the allowance associated with housing costs decreased from a proportional rate of 80% of costs exceeding SEK 450 per month to an average rate of about 65% of costs exceeding approximately SEK 600. The allowance was then reduced depending on the household composition, income and wealth. The construction of the reduction was not changed in the reform although the rates and limits were redefined. However, as will be shown below, there is no doubt that the housing allowance was substantially increased by the reform. The reformed transfer system also allowed more households to get housing allowances.
Indirect taxation
It was indicated above that the net tax revenue for the government were substantially reduced by the tax and transfer reforms. In order to raise the same revenue as before the indirect taxation, such as VAT and payroll taxes, were substantially increased. Simultaneous with a broadening of the VAT base, the VAT increased from 21.34% in 1980 to 25% in 1991, measured as percentage of net price. The base broadening gives us reason to use an average VAT on a consumption boundle as an approximation of the aggregate effects of the increased VAT and base broadening. The average VAT equaled 12. 8% and 16.5% in 1980 and 1991, respectively . Further, the pay roll taxes, measured as percentage of net wage payments, increased from 35.25% to 37.47%. Although a part of the payroll tax sometimes is considered as an insurance fee we have choosen to treat it as a proportional tax. We assume that the gross wage rate (pre pay roll taxes) are constant thoughout all reforms and that all disposable income is consumed. 
Parametric versus nonparametric estimation
Parametric estimation methods impose further restrictions than those given by economic theory. To overcome these restrictions nonparametric estimation methods have been developed and become increasingly popular during the last decade. The restrictions imposed by parametric methods are particularly severe when estimating labor supply functions generated by piece wise linear budget constraints. As we will illustrate below, this is because in the context of decision making subject to a piece wise linear budget constraint it is hard to think of other data generating mechanisms than utility maximization with globally convex preferences.
Suppose hours of work, h, are generated by a linear budget constraint defined by the wage rate w and nonlabor income y. Suppose we specify the parametric form to be estimated as: I = a + αw + βy + ε, where ε is a random term. Accounting for corner solutions we define h = 0 if I < 0, h = I if 0 ≤ ≤ I H and h = H if I > H . This model is well defined and coherent for any values of a, α and β. Suppose instead that the budget constraint is piece wise linear and that we want to specify a coherent model which also encompasses the case with just one segment. The usual way to construct a coherent DGP when the budget constraint is piece wise linear is to assume utility maximization with globally convex preferences. However, the assumption of globally convex preferences implies that α > 0 and β < α / H . That is, the parametric form given above coupled with the requirement that it should represent globally convex preferences imposes severe constraints. Given the analytical functional forms we presently know, the assumption of globally convex preferences severely limit the flexibility of the functions. Blomquist and Newey (1996) develop a nonparametric method to estimate labor supply functions generated by nonlinear piece wise linear budget constraints. We describe this method below. The method is based on the idea that labor supply can be viewed as a function of the entire budget set, so that one way to account non parametrically for a nonlinear budget set is to estimate a nonparametric regression where the variable in the regression is the budget set. In the special case of a linear budget constraint this estimator would be the same as nonparametric regression on wage and nonlabor income, since these two numbers characterize the budget set. The method would then be similar to the one used in Hausman and Newey (1995) . Nonlinear budget sets will be characterized by more numbers than two, for example for piece wise linear budget sets by location of kink points and slopes in between. An important part of the development of an estimation procedure is to find a way to characterize a nonlinear budget constraint with just a few numbers.
Estimation procedure
Suppose the budget constraint consists of three linear segments as illustrated in figure 3 . We denote the slopes of the linear segments by w i , i = 1 2 3 , , and the intercepts of the extended linear segments by y i i , , , = 1 2 3 . The slopes are the net wage rates and the intercepts are the "virtual incomes". The two kink points are denoted l 1 and l 2 . . That is, there are 6 regressors in this nonparametric regression. The Swedish tax-transfer system from the early eighties generated budget constraints that consisted of 27 segments. To represent such a budget constraint would require 54 regressors. Without some simplifications to reduce the dimensionality of the problem nonparametric estimation would be unfeasible. We use two methods to reduce the dimensionality of the estimation problem. The first step in our estimation procedure is to approximate the budget constraints with continuos budget constraints consisting of three piece wise linear segments. In this way we reduce the dimensionality of the estimation problem to a manageable size. We also use some separability assumptions to reduce the dimensionality of the estimation problem. To approximate the budget constraints we use an OLS procedure.
The least squares approximation method
Take a set of points h i , i = 1,...,K. Let C(h i ) denote consumption on the true budget constraint and $ ( ) C h i consumption on the approximating budget constraint. The criterion to choose the approximating budget constraint is min
The approximation depends on how the h i are chosen. Our criterion for choosing the h i is how well the approximating budget constraints can explain actual data.
Series estimator
The second step in the estimation procedure is to apply a series estimator to the wage rates, virtual incomes and kink points of the approximating budget constraints. It should be noted that the kink points can be written as simple nonlinear functions of the wage rates and virtual incomes, so the estimating functions are really only functions of wage rates and virtual incomes. As criterion to choose estimating function we use a cross validation measure defined as:
where
denotes the estimated function with observation i excluded. The upper bound of this measure is one. There is no lower bound.
Data source
The functions used for predicting the effect of tax reform are taken from Blomquist and Newey (1996) . Three waves of the Swedish "Level of living" survey are used for the estimation. The data pertain to the years 1973 , 1980 and 1990 . The surveys were performed in 1974 , 1981 and 1991 . The 1974 and 1981 data sources are briefly described in Blomquist (1983) and Blomquist and Hansson-Brusewitz (1990) respectively. The 1990 data is described in Blomquist and Newey (1996) .
In the estimation only data for married or cohabiting men in ages 20-60 are used.
Farmers, pensioners, students, those with more than 5 weeks of sickleave, those who were liable for military service and self employed are excluded. This leaves us with 777 observations for 1973, 864 for 1980 and 680 for 1990.
The tax systems for 1973 and 1980 are described in Blomquist (1983) and Blomquist and Hansson-Brusewitz (1990) . The tax system for 1990 is described in appendix A of Blomquist and Newey (1996) . Housing allowances have over time become increasingly important. For 1980 and 1990 we have therefore included the effect of housing allowances on the budget constraints. The housing allowances increase the marginal tax rates in certain intervals and also create nonconvexities.
The fact that data from three points in time are pooled has the obvious advantage that the number of observations increase. Another important advantage is that there is a variation in budget sets that is not possible with data from just one point in time. The tax systems were quite different in the three time periods which generates a large variation in the shapes of budget sets. Blomquist and Newey (1996) We also use a parametrically estimated function, namely the random preference model described in, for example, Blomquist and Hansson-Brusewitz (1990 The wage and income elasticities are evaluated at the mean of the net wage rates and virtual incomes from the segments where individuals observed hours of work are located. 8 Of course, the wage and income elasticities are summary measures of how the estimated functions predict how changes in a linear budget constraint affect hours of work. None of the budget constraints used for the estimation are linear and we actually never observe linear budget constraints. It is therefore of larger interest to see how the predictions differ between the parametric and nonparametric labor supply functions for discrete changes in nonlinear budget constraints.
Effects on labor supply and tax revenue
Decomposition of tax reform
The Swedish tax reform consists of many different parts. If we would like to do further changes in the tax system it would be of value to know the effect of the various parts of the tax reform. Which changes in the past has stimulated labor supply most.
What changes work in the opposite direction? What changes increase tax revenue?
6
The variance-covariance matrix for the estimated parameter vector is calculated as the inverse of the Hessian of the log-likelihood function evaluated at the estimated parameter vector. We have had to resort to numerically calculated derivatives. It is our experience that the variance-covariance matrix obtained by numerical derivatives give less reliable results than when analytic derivatives are used.
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Net wage rates and virtual income are expressed in the 1980 price level for all years. The wage and income elasticities are evaluated at the average net wage rate and virtual income. The net wage rate and virtual income being calculated for the segment where observed hours are located.
What changes decrease tax revenue? As far as we know this is the first study that makes a detailed decomposition of the tax reform.
The decomposition can be made in several different ways. One way would be to follow the exact chronological order in which the reform has taken place. However, if
we follow this route we intertwine decreases in marginal tax rates, base broadening and restrictions in rules for deductions. We believe this will blur the picture. Instead we have chosen to use the following sequence. i) Change the marginal taxes from the 1980 to the 1991 level taking account of changes in the personal exemption rules. ii) Change the value added and payroll taxes from the 1980 to the 1991 levels. iii) Change the capital income tax rules, including the rules for taxation of homes. iv) Change the housing allowance and child allowance rules.
We calculate the effect of a reform, given the previous changes. This implies that the picture of the effect of the various parts of the reform that we obtain depends on the sequence in which we introduce the various parts of the reform.
The changes in the housing and child allowance systems were designed so as to correct for unwanted distributional effects of other changes in the tax system, so it is natural to place this part of the reform last in the sequence. The decrease in marginal taxes was one of the cornerstones in the tax reform and many perhaps regard this as the quintessence of tax reform. One can regard some of the other changes in the tax system being of interest and politically feasible only after or in combination with decreased marginal taxes.
Labor supply effects
We will use the distribution of gross wage rates and nonlabor incomes in the 1980 data set as the basis for our calculations. For each observation in the 1980 data set we use the gross wage rate and nonlabor income in combination with the appropriate tax and transfer system to construct a budget set. This budget constraint is then approximated by the least squares procedure described above. Finally we use the nonparametrically estimated labor supply function to calculate the expected hours of work. Since the nonparametric function concerns expectation of hours of work, we need to perform the calculation one time for each observed budget set (individual), leaving us with 864 observations. We assume that the spouse do not adjust her labor supply due to the tax reforms, i.e. we take the gross capital and labor income of the spouse as exogenous. However, we do allow the husband to react to the changes in the post tax income of the spouse, i.e. we recalculate the net income of the spouse under each separate tax regime. Considering the distribution of hours of work the dispersion increased considerably by the aggregate reform. In our sequence of reforms the marginal tax reform and the reconstruction of the transfer system increase the dispersion of hours. On the other hand, the introduction of increased indirect taxes and the 1991 system of capital taxation seems to tighten the distribution of hours. In section 5.1 we will study how the responses to the tax reforms will affect the distribution of income.
The results from this section indicate that the marginal tax reform increase hours of work while the other components reduce average labor supply for married/cohabiting men. Considering the total reform the nonparametric model predicts the average labor supply to increase about 2.1% and that the distribution of hours becomes wider.
Gross wage and labor supply effects
Above we analyzed the labor supply effects without concerns about the different characteristics of individuals. In the remainder of this section we will study to which extent individuals with different characteristics responds to the reforms. The first characteristic of consideration is the level of productivity, measured here as the exogenous gross hourly wage rate.
There are several ways to analyze the incentive effects for different levels of productivity. We could study the effects for observations attached with different gross wage rate. In that case we would face problems to distinguish the wage effect from other, perhaps co-varying effects. A more appealing alternative is to study the, so called, mongrel labor supply function (see Blomquist & Hansson-Brusewitz 1990) . This function gives the relationship between the gross wage rate and hours of work, given the tax system and other independent variables. In figure 5 we illustrate four mongrel curves generated by an average individual facing the various tax and transfer systems previously described. Note that the effects of the marginal tax First considering the mongrel function generated by the 1980 system we observe that it is backward-bending for plausible wage rates (SEK 25 -50), i.e. an increase in the 10 As we approximate the observed budget sets using the OLS-procedure we can only regard a discrete number of potential kink points. This procedure generates some discontinuities in the mongrel functions. In this figure we have smoothed the functions for presentational purposes. An alternative, more computational demanding, procedure would be to increase the number of potential kink points.
pre tax wage rate actually decreases the expected hours of work. It should be emphasized that it is the tax and transfer systems that generates this shape of the mongrel function and not the labor supply function itself.
Changing the 1980 marginal tax rates to the 1991 rates, including the increased indirect taxation, stimulates labor supply for individuals with moderate or high wages. Finally, the reform of the transfer system, that significantly increases the nonlabor income, reduces labor supply for all wage rates compared to the situation where the 1980 transfer system was prevailing (i.e. the short dashed capital income curve).
Comparing the 1980 base case and the 1991 case the nonparametric model suggests that individuals associated with high productivity increased their annual hours of work while less productive individuals actually reduced their hours of work.
Family composition and labor supply effects
Since the reformed transfer program was designed to improve the conditions of households with many children, an alternative and interesting characterization is by family composition. In figure 6 below we illustrate how the average of hours of work vary by the number of children in the household. The solid diamonds represent the full sample, the circles the average in households without children, the horizontal bar one child, the cross two children and finally, the triangle represent three or more children in the household. The figure implies a remarkable relationship between the reform of the transfer system and the spread in the distribution of hours. For the 1980 regime of transfers, there is no divergence in hours of work between households with no or few children.
Under the 1991 transfer system, however, the dispersion is quite large -individuals without any children works on average about 2,161 hours per year, while individuals with more than 2 children works about 2,095 hours. The figures also indicate that the number of children reduces hours of work in the 1991 regime.
In order to understand the source of the dispersion of hours of work under the 1991 regime we need to take a brief look at the budget sets faced by an average individual. The most striking difference between the two budget sets is the intercepts. At zero hours of work the household with children receives almost SEK 27,000 in transfers per year including SEK 13,870 in income independent child allowance. The household with no children receives less then SEK 2,500 per year in housing allowance which is reduced to zero at plausible hours. On the other hand, the reduction rate of the housing allowance is 20% for households with children and only 10% for households without children. Consequently the former face a higher marginal effect than the latter in the intervals where the housing allowance is reduced. Even though there are differences in marginal effects we might conclude that it is the child allowance that generates the dispersion of hours of work and it should be emphasized that this dispersion is only due to the discrepancies in the budget sets.
Parametric predictions of labor supply
To illustrate some of the differences between parametric and nonparametric predictions we duplicate the analysis in the introduction of section 4.2 with the modification that we use a parametric model to predict hours of work. The parameters are found in eq. (2). Since this is a random preference model we need to draw several random numbers for each observation in order to calculate expected hours of wok. The results presented in figure 8 are based on the average of 10 simulations. The vertical axis shows predicted hours of work and the horizontal axis displays the reforms (cf. 
The effect of tax reform on tax revenue from husbands
In this subsection we discuss the effect of tax reform on government tax revenue from married/cohabiting men. However, since we use the transfer system with child and housing allowances to construct the budget sets of the husbands we also include these The net tax revenue column of table 2 indicates that the reform was under financed by approximately 8%. However, there are several reasons to be careful interpreting this result. Firstly, we account for the transfer payments to the households but we do not include the tax payments of the spouse. Secondly, as mentioned in the introduction, we only consider the reform associated with taxation of physical persons, leaving out the budget effects of the corporate taxation. Thirdly, due to lack of data we are unable to take full account for the complete base broadening, including fringe benefits as well as other important features, concerning capital taxation and indirect taxes. Hence, the figure is most probably an overstatement of the true deficit generated by the aggregate reform and should be viewed as an indication of the direction of the governmental budget effects.
As might be expected, the marginal tax reform alone reduced tax revenues by almost 10%, while the increased indirect taxation and change of structure of capital and property taxation increased tax revenues generating net effects of about -4% (pre transfer reform).
Another notable feature is the shares of contribution by income taxes versus indirect taxes. The table indicates that the tax revenue shares corresponding to the indirect taxes increased from 53% to 64% by the reform, i.e. the taxation shifted from income taxation towards indirect taxation. It is also indicated in the table that the average transfer payments to households increased substantially (about 60%) when the 1991 transfer system was introduced. Finally, it might appear puzzling that the revenue from VAT actually increases in the last reform as the labor supply in fact decreases, however this is because the VAT is based on disposable income, where the increased transfers are included.
Income Distribution Effects
The effect of tax reform on the distribution of husbands incomes
As mentioned in the introduction, one of the objectives of the reform was to decrease the excess burden caused by the tax system. However, the aim was to do this without any budget or distributional effects. In the previous section we indicated that the reform was underfinanced by approximately 8%. This section considers the effects on the distribution of husbands incomes. We use the Gini coefficient to measure inequality.
In contrast to many other studies we also present standard deviations of the Gini coefficients.
11 Table 3 presents the average gross income and other definitions of income based on the construction of the tax system. The gross income is defined as gross earned income (pre payroll taxes), plus capital income. 12 The others are defined as post tax incomes as indicated in the column title. Since we assume that the gross wage is constant the individual gross income is just a linear function of individual hours of work. Hence, studying the gross income is approximately the same as studying hours of work, weighted by hourly gross wage rate. However, the subsequent definitions include the nonlinear tax system, thus generating a different distribution compared to hours of work.
13 The italics correspond to the remaining fraction of gross income 11 Since the estimated parameters are stochastic variables, drawn from an unknown asymptotic distribution, the observed (predicted) hours of work (and consequently the predicted incomes) are also stochastic with an unknown asymptotic distribution. The distribution of the Gini coefficient might perhaps be derived by ordered statistics and delta methods but due to the depth of this problem we are satisfied by estimating the standard deviations by Monte Carlo simulations. Given the estimated parameter vector we make 1,000 draws from the estimated parameter distribution and calculate the Gini coefficient for each draw. From the resulting distribution we get the estimate of the standard deviation of the Gini coefficient. 12 This definition of capital income does not include the implicit income from owner occupied homes. 13 Henceforth, gross income denote the income before any taxes (incl payroll taxes) has been paid, the net income corresponds to the income when all taxes (incl VAT) has been paid. Concerning the average tax rate, the interpretation is actually the average of the proportional tax rate that generates the same net income.
As can be seen from the table, the average gross income increased about 3%, while the average net income increased by more than 20%. The average tax rate decreased from an approximate level of 62% in 1980 to 56% in 1991.
Consider two sets of Gini coefficients, one assuming that no behavorial responses are present (i.e. individuals do not adapt to the new tax system), and the other taking the adjustments into account. A comparison of the coefficients might give an indication if the adjustment of hours of work increase or decrease the inequality of income distribution. Table A3 presents the Gini coefficients based on gross and net income. The column titled "Fixed" refers to income calculated as if the hours of work equals hours of work in the 1980 system and, consequently, the "Adjusted" title refers to adjusted labor supply. conclude that the introduction of the 1991 transfer system increased the dispersion of gross income, while the net income ended up being considerably more equally distributed. Although the transfer reform reduced the inequality of husbands incomes, it did not completely eliminate the redistributional effects from the reforms concerning the direct and indirect taxation.
The effect of tax reform on the distribution of equivalent incomes
An alternative to the previous analysis is to consider the distribution of incomes of From the analysis in section 5.1 we conclude that the reform was not distributionally neutral.The inequality, measured by the Gini coefficient, increased from 0.111 to 0.155 by the aggregate reform. However, the results in table 5 indicate that, using the equivalent income as the appropriate concept, the reform appears to be almost distributionally neutral. The Gini coefficient increased from 0.211 in 1980 case to 0.217 in 1991. The marginal tax rates, indirect taxation and capital and property taxation reforms all increase the inequality while the redesign of the transfer system considerably reduces the inequality. We also note that the Gini coefficient of the static equivalent net income is almost equal for the two extreme cases. This implies that if we ignore the incentive effects we might exaggerate the redistributional effects of the reform. The table also shows that the equivalent gross income is more unequally distributed in the 1991 system than in the 1980 system as a result of the dynamic effects.
Finally we present the predicted gross and net income as well as the tax revenues from the whole household, i.e. including the VAT, pay roll tax and income taxes paid by the spouse. The results are presented in table 6. In this paper we use a nonparametric labor supply function to study the effect of Swedish tax reform. We have decomposed the effect into parts. We find that the decrease in marginal tax rates that took place between 1980 and 1991 lead to an increase in average desired hours for married men of slightly more than 4%. The increase is considerably larger for high wage persons than for low wage persons. Adding the other parts of the tax reform cumulatively we find that the increase in VAT and the payroll tax on average decrease hours of work by around one percentage point. The change in the capital income and property tax reduce hours of work by another half percentage point.
The change in the transfer system decreases hours of work by slightly less than one percentage point. The net effect of the reform is therefore an increase of average hours of work by slightly more than two percent. However, the change in hours of work differ depending on individuals' gross wage rates and family composition. hours of work by their marginal product (gross wage rate) the increase in hours of work is therefore 1.1%. Whereas in the 1980 tax system hours of work were independent of the number of children, in 1991 those with many children would work fewer hours than others. This can almost exclusively be attributed to the effect of the change in the transfer system.
According to our calculations the tax reform was under financed. In practice the resulting deficit was financed by borrowing. This way to finance the deficit might affect individuals labor supply. We have not attempted to account for these potential effects on labor supply. The decrease in marginal tax rates would lead to increased hours of work, but not by so much as to keep tax revenue neutral. Our calculations indicate that the decrease in marginal tax rates would lower tax revenue by around 9%. However, the increase in VAT and the payroll tax would to some extent compensate for this. The changed rules for taxation of capital income and property also lead to increased tax revenue. Excluding the change in the transfer system the tax reform would be close to revenue neutral. However, the effect of the change in the transfer system is strong leading to an overall decrease in tax revenue by around 8%. Although our calculations might be calculated with error there is little doubt that the tax reform has contributed to the large budget deficit in Sweden that emerged in the early nineties. The tax reform also lead to a shift in the relative importance of tax bases. In 1980 the income tax generated around 47% of the tax revenue from the household sector. In 1991 this had been reduced to around 36%. The importance of the VAT and the payroll tax increased.
We study the effect on the income distribution using several definitions of the income unit. Looking at the distribution of household income corrected for the number of consumption units depending on a certain income we find that all parts of the tax reform contribute to increased inequality in gross incomes. Looking at net incomes the decrease in marginal tax rates and the change in the rules for capital income and property seems to have contributed to increased inequality. The increase in VAT and the payroll tax had no effect on inequality whereas the change in the transfer system equalized net incomes leaving inequality of net income virtually unchanged by the tax reform. Many earlier studies have not taken the change in labor supply into account when studying the effect on the income distribution. We find that it is important to take these behavioral changes into account. The changes in hours of work tend to increase the inequality of annual incomes.
We have performed our calculations using both parametric and nonparametric labor supply functions. The parametric functions show a considerably larger change in hours.
Predictions using the parametric function indicate an increase in average hours of work of 4.3% whereas the nonparametric indicate an increase of 2.2%. We conclude that using parametric methods might lead to biased predictions of the effect of the tax reform.
Appendix A. Description of the 1991 Swedish tax and transfer system
This appendix describes how the tax and transfer system of 1991 is implemented in the analysis. The 1980 system is described in Blomquist & Hansson-Brusewitz (1990) .
If not stated otherwise the figures are relating to the 1991 price level.
Income taxes
In order to simplify the following presentation we begin with some income for assessed income between 3.04 and 5.615 basic amounts the allowance de-escalates with 10%. This construction creates a non-convexity in the tax schedule at 2.89 basic amounts. Neither the standard deduction nor the personal allowance is allowed to exceed the assessed income.
The earned and unearned incomes are taxed separately in the tax system The federal tax for earned income is 20% for taxable income exceeding 170000 SEK and the fiscal tax of approximately 30% was also levied on taxable income. Unearned income is taxed at a proportional rate of 30%. If the unearned income was less than zero the taxed 1 The nominal amounts in the tax and transfer schedule are usually expressed as multiples of the basic amount. The basic amount is updated every year to eliminate the effects of the inflation. The basic amount equals 32 '200 SEK in 1991. individual could claim a tax reduction equal to 30% of the deficit not exceeding 100000 SEK and 21% of the remaining. However, the tax reduction can not be larger than the tax liability. In addition to taxes on earned and unearned incomes, owner-occupied homes are taxed with 1.2% of the ratable value. The data set includes the 1980 guaranteed amount calculated as a fraction of the 1980 ratable value. 2 Since the ratable value in 1991 is significantly higher than the one in 1980 we need to account for this in our analysis.
Lacking information about the new ratable value we use the fraction between the 1980 and 1991 purchase-price coefficients to estimate the 1991 ratable value. Furthermore, the tax rate varies with the age of the house but since we lack this information we assume that all houses are older than 5 years.
Transfers
There are, in principle, two major transfers that affect the individuals in our sample, namely the child allowance and the housing allowance. The child allowance is 2
The guaranteed amount is the tax base originating from owner-occupied houses, i.e. the additional taxable income that is imposed on the taxable incomes for owner-occupied homes. In contrast to the child allowance the housing allowance dependends on the household income and is more complex in its construction. The allowance is constructed in two parts, one defining the maximum allowance to the household and the other defining a reduction of the allowance. The maximum amount is based on the housing costs, the family composition and the age of the head. Furthermore, the housing costs for owner-occupied homes are dependent on the regional location of the house. The relevant intervals of the housing costs are presented in table A.3. The transfer equals 75% of the costs in the lower bracket and 50% in the upper.
Households with children receives an additional transfer of 1'000 SEK per month as housing allowance. Households without children and with heads younger than 29 years receives at maximum 75% of the housing costs between 800 and 2'900 SEK per month. In households where the head is older the corresponding monthly transfer equals 30% of costs between 1'600 and 3'500 SEK.
Number of children
When the maximum amount is calculated it is reduced if the household income exceeds a specified level. The household income is defined as the taxable income of both spouses, plus an additional amount equal to 20% of the household wealth exceeding 180'000 SEK. The breakpoints and reduction rates are presented in table A.4. 
